Background Pulmonary thromboembolism (PE) is one of the life-threatening complications of gastric cancer surgery. D-dimer assay is a safe and rapid tool to exclude the presence of deep venous thrombosis (DVT). In July 2012, we started preoperative DVT screening of patients scheduled for gastric cancer surgery using a combination of D-dimer measurements and lower extremity venous ultrasonography to prevent PE. Methods Between July 2012 and August 2015, 976 consecutive patients underwent gastric cancer surgery with preoperative D-dimer screening. Lower extremity venous ultrasonography was performed in patients with a positive D-dimer assay result (greater than 1.0 lg/ml). The incidence of and risk factors for preoperative DVT and the incidence of PE were examined in patients undergoing gastric cancer surgery. Results Of the 976 patients, 176 (18.0%) showed positive D-dimer assay results, and in 13 (1.3%) DVT was diagnosed by lower extremity ultrasonography. Our analysis identified neoadjuvant chemotherapy as a risk factor for preoperative detection of DVT in patients undergoing gastric cancer surgery (P = 0.021). The incidence of PE was 0.1% (1/976). Conclusion Preoperative gastric cancer patients receiving neoadjuvant chemotherapy seem to be at higher risk for the development of DVT.
Introduction
Gastric cancer is the third commonest cause of cancer-related death in the world [1] . Surgery is the main curative treatment for resectable gastric cancer. Pulmonary thromboembolism (PE) is one of the life-threatening complications of gastric cancer surgery. Because both the cancer per se and surgery are known to be independent risk factors for the development of venous thromboembolism (VTE), routine thromboprophylaxis is recommended in patients undergoing cancer surgery [2] . Intermittent pneumatic compression (IPC) is usually used during and after surgery to prevent the complication of PE. However, in patients with preexisting deep venous thrombosis (DVT), IPC may be ineffective and possibly lead to fatal PE. The D-dimer assay is a safe and useful tool with a high sensitivity (97-100%) for excluding DVT and a high negative predictive value (96-100%) [3] [4] [5] . Lower extremity venous ultrasonography is the standard method for the diagnosis of DVT, with a high sensitivity (93-96%) and high specificity (98-99%) [6] [7] [8] . In July 2012, we started preoperative DVT screening at our institution using a combination of D-dimer measurements and lower extremity venous ultrasonography in patients undergoing gastric cancer surgery. In the present study, we investigated the incidence of and risk factors for DVT and the incidence of PE in patients undergoing gastric cancer surgery.
Patients and methods

Patients
We started conducting serum D-dimer measurements for all gastric cancer patients scheduled for surgery in July 2012. Nine hundred seventy-six consecutive gastric cancer patients who underwent preoperative D-dimer screening between July 2012 and August 2015 at our hospital were included in this study. The incidence of and risk factors for DVT and the incidence of PE were investigated in the patients undergoing surgery for gastric cancer.
The TNM stages were recorded according to the Japanese classification of gastric carcinoma [9] . Papillary adenocarcinoma and well-differentiated or moderately differentiated tubular adenocarcinoma were categorized as differentiated-type carcinoma, whereas poorly differentiated adenocarcinoma, signet ring cell carcinoma, and mucinous adenocarcinoma were categorized as undifferentiated-type carcinoma. Patients with other pathological types of gastric cancer were excluded from the study.
All patients underwent gastrectomy with curative intent. The gastric resection was classified as total, distal, proximal or pylorus-preserving gastrectomy. Patients undergoing completion gastrectomy for remnant gastric cancer were also included in the study, whereas those undergoing wedge resection were excluded. The extent of lymphadenectomy performed depended on the type of resection and the stage of the gastric cancer classified in accordance with the Japanese classification [9] . Those who needed simultaneous surgery for other synchronous cancer were excluded.
Neoadjuvant therapy with a combination of S-1 plus cisplatin was initiated for patients with apparent para-aortic node metastasis or bulky nodal metastases surrounding the celiac artery or its branches.
Preoperative medical comorbidities were investigated especially for renal disease, pulmonary disease, and arterial thromboembolism. These comorbidities have been recognized as risk factors for cancer-associated thrombosis in the guideline in [10] . The International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) was used to diagnose the comorbidity [renal disease (ICD-9-CM codes 580-593), pulmonary disease (ICD-9-CM codes 487-519), arterial thromboembolism (ICD-9-CM code 444)] with similar uses as the guideline in [10] . Thromboprophylaxis D-dimer assay was performed in all gastric cancer patients scheduled to undergo gastric cancer surgery. Lower extremity venous ultrasonography was performed in those patients who had a positive the D-dimer assay result (greater than 1.0 lg/ml).
Routine thromboprophylaxis (heparin, IPC, and compression stockings) was used for patients who had a negative result of preoperative screening for DVT. IPC was withheld during and after surgery in patients in whom DVT was detected during the preoperative screening. All patients received preoperative fluid infusion (80 ml/h) from the evening before surgery. Low-dose unfractionated heparin was administered within 2 h after surgery as a continuous intravenous infusion at the rate of 10,000 IU/day until the second postoperative day. This anticoagulation was omitted for patients with coagulopathy or a high risk of postoperative bleeding. IPC was performed intraoperatively and postoperatively until the patient resumed walking, which was usually on the first postoperative day. Graduated compression stockings were also used from the morning of surgery until the patient started walking adequately. Thus, all thromboprophylaxis modalities were discontinued by the second postoperative day, unless the patient was still unable to walk by then for some reason. A thromboprophylaxis flowchart is shown in Fig. 1 . Inferior vena cava filter was temporarily used during the perioperative period for patients with PE incidentally discovered by preoperative computed tomography scan if they had a contraindication to anticoagulation or if they had PE despite adequate anticoagulation.
Diagnosis of PE
A prospective database was used to identify patients who developed the complication of PE postoperatively during hospitalization. Clinically suspected PE was confirmed by contrast-enhanced helical computed tomography. Only those cases of PE that required some medical intervention (Common Terminology Criteria for Adverse Events grade 3 or higher [11] ) were counted. Patients with incidentally detected asymptomatic postoperative PE were excluded from this study.
Statistical analysis
Continuous variables are presented as the median and range. Proportions were compared with the v 2 test or Fisher's exact test (when the frequencies were less than 5), and continuous variables were compared with Student's t test. Analyses were performed with IBM SPSS Statistics, version 22. P \ 0.05 was considered to represent statistical significance.
Results
Patient characteristics
The enrolled patients' characteristics are listed in Table 1 . The median age of the patients was 67 years (range 27-90 years) and the median body mass index was 23 kg/ m 2 (range 15-38 kg/m 2 ). There were 628 patients (64%) with stage I cancer, 165 patients (17%) with stage II cancer, 153 patients (16%) with stage IIII cancer, and 30 patients (3%) with stage IV cancer. Forty-seven patients (5%) received neoadjuvant chemotherapy. Renal disease, pulmonary disease, and arterial thromboembolism were seen in 14 patients (1%), 34 patients (3%), and 33 patients (3%) respectively. Incidentally detected preoperative PE was seen in two patients. Inferior vena cava filter was used for one patient, because his PE was detected despite adequate anticoagulation for another disease. Another patient with preoperative PE received only anticoagulation therapy.
D-dimer test positive rate and incidence of DVT and PE
Of the 976 patients registered, 176 (18.0%) had a positive D-dimer assay result. DVT was detected in 13 patients (1.3% of all patients, 7.4% of D-dimer-positive patients). One D-dimer-positive patient (0.1%) who did not have DVT developed PE in this series, and she recovered with systemic anticoagulant therapy. Exacerbation of PE was not seen in the two patients with incidentally discovered preoperative PE. The preoperative D-dimer assay result was positive in those two patients.
Risk factors for DVT
Univariate analysis was performed with the variables of age, sex (male/female), body mass index, histopathological type, T category (T1 or T2 or greater), N category (N0 or 
Discussion
PE is one of the potentially fatal complications of gastric cancer surgery. DVT often develops in the deep veins of the leg and potentially causes PE when clots break off from the thrombi on the vein walls and travel through the heart to the pulmonary arteries. The epidemiological and clinical relevance of the association between VTE and cancer is well documented. Patients with cancer have an increased risk of development of VTE as compared with the general population [12, 13] . The need for appropriate prophylaxis against PE in patients scheduled for cancer surgery has been increasingly recognized. Guidelines recommend both pharmacological and mechanical modalities for perioperative thromboprophylaxis in patients undergoing major cancer surgery [10] . At our hospital, we have adopted lowdose unfractionated heparin and IPC as the pharmacological and mechanical modalities, respectively, of perioperative thromboprophylaxis. However, in cases where DVT exists before surgery, IPC may be ineffective and may even increase the risk of fatal PE. Although the guideline recommends 7-10 days of pharmacologic thromboprophylaxis for patients undergoing major surgery for cancer, it is also stated that the appropriate duration of thromboprophylaxis in lower-risk patients should be decided on a caseby-case basis [10] . Thromboprophylaxis in our hospital is discontinued by the second postoperative day, because Asians are considered to be lower-risk patients and we have already reported low PE incidence with this thromboprophylaxis [14] . Although the D-dimer assay has a high negative predictive value (96-100%), which allows exclusion of VTE [3] [4] [5] , its specificity is only 36-44% [15, 16] . On the other hand, lower extremity venous ultrasonography has high sensitivity (93-96%) as well as high specificity (98-99%) for the diagnosis of DVT [6] [7] [8] . However, ultrasonography in all preoperative patients as a screening tool is considered to represent overuse of this diagnostic resource [17, 18] . Appropriate use of the D-dimer assay limits the overuse and added cost of ultrasonography without a negative impact [17] . Therefore, we use the D-dimer assay in combination with ultrasonography at our hospital to screen patients for the existence of DVT preoperatively.
Our preoperative DVT screening of gastric cancer patients using the D-dimer assay in combination with ultrasonography revealed a DVT incidence of 1.3%. This value may not be entirely accurate, because ultrasonography was not performed in all patients. Therefore, this study is an incomplete cohort study to determine the real incidence of DVT in gastric cancer surgery. It remains unclear whether there was no case of DVT in D-dimer-negative patients. However, its reliability can be considered to be acceptable, taking into account the high sensitivity and high negative predictive value of the D-dimer assay and the high sensitivity and high specificity of ultrasonography, which have already been reported [3] [4] [5] [6] [7] [8] . Moreover, even in D-dimer-positive cases, only 7.4% of patients had DVT. Ultrasonography for all patients before surgery is not justified in Japan. This combined screening method seems to be effective to detect DVT in gastric cancer patients scheduled for surgery. Larsen et al. [19] investigated the incidence of DVT in esophageal and gastric cancer patients, and reported that the incidence of DVT in gastric cancer patients was 37% (10 of 27 patients). A higher proportion of patients with advanced cancer in their study and the racial differences between their study and ours presumably explains the discrepancy between their results and ours. Kawaguchi et al. [20] reported that the cutoff value of the serum D-dimer level to diagnose DVT before ovarian cancer treatment was 1.5 lg/ml. The corresponding cutoff value in the gastric cancer patients scheduled for surgery could not be identified in this study, because ultrasonography was not performed in all patients; therefore, evaluation of this cutoff value remains for a future study. Neoadjuvant chemotherapy was identified as a risk factor for the preoperative detection of DVT in gastric cancer patients scheduled for surgery in the present study. This result is consistent with the report that chemotherapy and hospitalization are independent risk factors for VTE in cancer patients [21] . Although a randomized controlled trial is required to deny the influence of some bias factors such as para-aortic node metastasis or bulky nodal metastases, it is considered impossible to carry out a randomized controlled trial because the importance of neoadjuvant chemotherapy for advanced gastric cancer with extensive lymph node metastasis was reported [22] and it has already been recognized as the standard treatment. In view of the recent report of the importance of neoadjuvant chemotherapy in patients with advanced gastric cancer [23] [24] [25] , particular attention to preoperative detection of DVT is required in gastric cancer patients scheduled for surgical treatment. Medical comorbidities were not identified as risk factor in this study, probably because this study was planned for perioperative patients and consisted mainly of patients without severe comorbidities.
PE occurred in only one patient in this study. She had received neoadjuvant chemotherapy. A patient who has received neoadjuvant chemotherapy, which was suggested as the risk factor for DVT in this study, should be carefully treated considering the possibility of thrombotic disease. We previously reported an incidence of PE in gastric cancer surgery patients of 0.2% (7 of 3262 patients) [14] . DVT screening was not performed in that study. The lower incidence of PE in the present study was possibly achieved because of the screening or patients for DVT, although this would not be a statistically proper comparison. The main purpose of this study was to investigate the incidence of and risk factors for DVT in gastric cancer surgery. However, it also seems important that the lower incidence of PE was achieved by this combination screening program of D-dimer measurements and lower extremity venous ultrasonography.
In conclusion, gastric cancer patients scheduled for surgery receiving neoadjuvant chemotherapy seem to be at a higher risk of DVT.
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